Intermetallic compounds which are ductile at high temperatures are of great technologica1 interest; however, purely experimenta1 searches for improved intermeta11ic materials are time consuming and expensive. Theoretical studies can shorten the experimental search by focusing on compounds with the desired properties. While current ab initio density-functional calculations cannot adequately determine materia1 properties at high temperature, it is possible to compute the static- 
In addition, we use the correlations discovered by Fine et al. ' to predict the melting temperature.
We em- phasize that all of the structural parameters and elasticmoduli calculations are of the first-principles type; that is, the crystal structure and the elemental atomic numbers are the only inputs.
Extension of this process to more complicated materials is dificult. The LAPW method is computer-time intensive, and for compounds with more than ten atoms per unit cell its use becomes prohibitively expensive given the capabilities of present-day computers. We may, however, 
where V is the volume of the unit cell, and an orthorhombic shear,
where a' (a) is a matrix containing the components of the new (old) lattice vectors, I is the 3 X 3 identity matrix, and e is a matrix containing the strain components.
There are many distortions which can be used to determine the elastic moduli. Ideally, we would choose the shears which minimize the amount of computer time and memory needed to do the calculations. Thus we will tend to choose highly symmetric strained lattices, since this limits the number of special k points needed to obtain accurate total energies. A cubic crystal has three independent elastic moduli. We may consider them to be the bulk modulus (6), C» -C,2, and C44. For the calculation of the tetragonal shear modulus C» -C,2, we considered two possible strains, a volume-conserving tetragonal strain, e) 0 -e, 0 e, /(1 -e21 ) with energy change EE(e, )=dE( -e, ) = V(C» -C,2)e, +O(e, ) . (12) biE(e&) =LE( -e6)= , ' VC~-es+O(es) . (14) Like (12), the energy associated with the shear (13) is even in the strain parameter.
The tetragonal Llo structure has six elastic moduli.
The moduli C»+C», C&3, and C33 could, in principle, be determined from the data already taken in finding the equation of state. One example of this is the calculation of the bulk modulus (7) using Eq. (2). Another example is the modulus Ks"=-, ' [2(C11+C13 }+C33+4C13], (15) The higher-symmetry tetragonal shear (9) allows the use of fewer special k points than the orthorhombic shear (11) in the self-consistent energy calculations. This is more than offset by the fact that the energy change {12)is an even function of the strain e"halving the number of total-energy calculations which must be done to obtain enough information to determine the elastic modulus.
We determined C» -C, 2 for SbY and RuZr by use of the strain (11),while C» -C, 3 for CoA1 was found using (9).
The remaining independent modulus, C44, was found by shearing the crystal with the monoclinic strain,
The energy associated with this strain is bound on the bulk modulus. ' Unfortunately, as we shall see below, the difference Ks"(V) B-( V) is smaller than the estimated error in our calculations, so that we cannot use (7) and (15) to separate the contributions of the individual C;~. We will therefore determine all six elastic moduli by calculating the change in total energy due to a lattice strain (8). The specific strains used to determine the specific moduli are listed in Table II . Whenever possible, the strains are chosen so that the change in energy is even in the strain.
The elastic moduli listed in Table II are calculated relative to the crystal structure given by (3) and (4). This structure may be considered an fcc Nb lattice with every other (001) 
where a'=a/~2, rather than by (3) and (4). This lattice can be obtained from (3) and (4) by making a 45' rotation about the z axis. Since the C;J are actually components of a fourth-order tensor, the components in the old (unprimed} and new (primed) Fig. 2 , and the energy as a function of volume at fixed c/a for NbIr in Fig. 3 . As can be seen in Fig. 3 , the minimum-energy c/a value is close to 0.968 for the entire range of volumes shown. ' ' in In Fig. 5 Fig. 11 CoA1 are within our theoretical bounds, so we conclude that our predicted elastic moduli are in good agreement with experiment. In fact, the data for CoA1 were provided to us after we submitted this paper. ' For NbIr the experimentally determined shear modulus is below our calculated lower limit, so the agreement there is not quite as good. This may be due to the fact that the experimental NbIr sample was not stoichiometric. We did not find experimental shear moduli for RuZr, nor did we find any single-crystal measurements of the elastic moduli.
We have also used our calculated elastic moduli and the correlations discovered by Fine et al. ' 
